This study examined whether amnesic patients and normal subjects can acquire novel associations implicitly and whether such learning can occur rapidly in a single trial. In two experiments, subjects studied novel word pairs either once or multiple times and were then asked to read old, new, and recombined word pairs as quickly as possible. In this paradigm, the learning of novel associations would be indicated by slower reading times for recombined word pairs than for old word pairs. In a third experiment, a perceptual identification paradigm was used to assess implicit learning of new associations. One-trial learning of new associations was not observed in the first two experiments, but learning of new associations did occur after multiple learning trials. An advantage of old versus recombined word pairs was obtained after a single trial only in Experiment 3 (using perceptual identification) when the results were combined across subject groups.
behavior cumulates in behavioral change independently of memory for particular prior encounters.
One strategy for identifying and investigating nondeclarative memory is to study amnesic patients. Although the impairment in amnesia is seldom if ever absolute, it is readily detected in conventional tests of recall and recognition and other tasks of declarative memory. Accordingly, provided that floor and ceiling effects are not operating, the performance of amnesic patients should never be fully intact unless a task does not depend materially on declarative memory. In this sense, a finding that amnesic patients can perform a particular task normally provides compelling evidence that performance can be supported by nondeclarative memory. Previous studies have found intact performance by amnesic patients on tasks involving perceptuomotor skills (Brooks & Baddeley, 1976; Nissen & Bullemer, 1987) , perceptual skills (Cohen & Squire, 1980; Nichelli, Bahmanian-Behbahani, Gentilini, & Vecchi, 1989) , cognitive skills (Squire & Frambach, 1990) , adaptation-level effects (Benzing & Squire, 1989) , priming (Shimamura, 1986; Tulving & Schacter, 1990) , and shifts in judgment and preference that are likely to be based on priming (Johnson, Kim, & Risse, 1985; .
One important question has been whether nondeclarative (implicit) memory can support the acquisition of novel information or whether implicit memory depends on the activation of pre-existing representations. In the case of normal subjects, a considerable body of evidence has accumulated that the acquisition of novel information can be supported by nondeclarative mem-ory, even in one-trial learning paradigms. Thus, in priming tasks, normal subjects can acquire novel nonverbal information based on line patterns (Musen & Treisman, 1990) , three-dimensional drawings (Schacter, Cooper, & Delaney, 1990) , and unfamiliar faces (Bentin & Moscovitch, 1988 )-in each case independently of explicit memory for the presented material. Other studies of priming also show that normal subjects can acquire novel verbal information implicitly, as measured by perceptual identification (Cermak, Talbot, Chandler, & Wolbarst, 1985) and lexical decision paradigms (Smith & Oscar-Berman, 1990; Scarborough, Cortese, & Scarborough, 1977) .
Recent evidence shows that amnesic patients can also perform normally on tasks based on novel verbal information (Haist, Musen, & Squire, 1991; as well as on tasks based on novel nonverbal information (Gabrieli, Milberg, Keane, & Corkin, 1990; Musen & Squire, 1992; Schacter, Cooper, Tharan, & Rubens, 1991) .
In the cases just cited, the information that was acquired in one trial was always presented as single units (e.g., as single nonwords or line patterns). It remains unclear whether normal subjects or amnesic patients can rapidly acquire implicit knowledge involving new pairs or combinations of separate items (e.g., whether they can acquire new associations implicitly). Graf and Schacter (1985) first reported that normal subjects could show priming of new associations. Specifically, following presentation of such items as windowreason, more word-stems were subsequently completed to form study words when the original context was presented again (window-rea ) than when a different context was presented again (officerrea ). However, amnesic patients do not exhibit this phenomenon reliably (Cermak, Bleich, & Blackford, 1988; Mayes & Gooding, 1989; . In one study, the amount of samecontext priming exhibited by amnesic patients was positively correlated with scores on the General Memory Index of the Wechsler Memory Scale-Revised . That is, the priming of new associations was correlated with residual declarative memory capacity. Accordingly, we previously suggested that this task includes an essential component that depends on declarative memory. Subjects must link the two words conceptually at the time of study. This interpretation explains why normal subjects, but not amnesic patients, can exhibit priming of new associations and also why such priming might be observed in mild but not severe amnesic patients (Schacter & Graf, 1986) . For this reason, it has been our interpretation that this paradigm does not provide evidence for implicit memory of new associations. Moscovitch, Winocur, and McLachlan (1986) used a different paradigm to evaluate rapid implicit learning of new associations in normal and memory-impaired subjects. Three groups of subjects (young control subjects, elderly control subjects, and memory-impaired patients) studied 30 novel word pairs once with instructions to associate the words in each pair. At test, 30 word pairs were again presented, but in three separate lists of 10 pairs each. Ten pairs were the same at study and test (old pairs), 10 pairs were composed of the same 20 words but in different pairings (recombined pairs), and 10 pairs were entirely new (new pairs). Subjects were asked to read the three lists of 10 word pairs as quickly as possible. As expected, reading times were faster for old pairs than for new pairs, indicating that priming had occurred for the previously presented words. The finding of interest was that recombined pairs were read more slowly than old pairs, suggesting that subjects were sensitive to the broken associations between the studied word pairs. However, because the results were reported collectively for all 36 subjects in the three groups, it was not clear that memory-impaired patients, considered separately, showed this effect.
To our knowledge, this study was the first to suggest that memory-impaired patients might be able to form new associations as readily as normal subjects and that new associations can be formed in a single trial. The study thus raised the possibility that implicit memory can support rapid, one-trial, associative learning involving multiple units of information. To explore this issue, we conducted a series of studies to test the capacity of amnesic patients and normal subjects to acquire new associations, both in a single trial and across multiple trials.
In five different tests, organized as three experiments, we varied the number of study trials, the encoding instructions, the degree of overlap between study and test conditions, the nature of the test stimuli, and the measure of implicit memory. Experiment 1 repeated the original experiment by Moscovitch et al. (1986) , duplicating their test conditions as closely as possible. In the second study (Experiment 2a), we attempted to make the study and test conditions as similar as possible to encourage transfer-appropriate processing. We also considered that priming of new associations might be more robust if the stimuli to be associated were perceived initially as a single unit.
Thus, we first presented compound nonwords consisting of two single-syllable English words (e.g., gumpark and jamdirt). Then, we asked whether recombining the two elements of each pair (e.g., gumdirt and jampark) would slow reading speed in comparison with simply presenting the original compound nonwords for reading. In Experiment 2a subjects read the compound nonwords only once prior to test, and in Experiment 2b subjects read the compound nonwords 10 times before the test lists were presented. Finally, in Experiment 3, we measured implicit memory for new associations after a single study trial using a perceptual identification paradigm. Amnesic patients and control subjects first studied word pairs presented either as separate words or as compound nonwords. At test, new, old, or recombined words (or compound nonwords) were presented briefly, and subjects attempted to read aloud what they saw.
Experiment 1
The goal of this experiment was to repeat Experiment 3 from the original study by Moscovitch et al. (1986) because of its important implication that the acquisition of new associations might be accomplished rapidly in memory-impaired patients. We used the same materials as Moscovitch et al. (1986) and attempted to reproduce the conditions of the original study as closely as possible. Word pairs were presented for a single trial, and subjects were instructed to make a link between the words in each pair. At test, subjects read as quickly as possible three different lists of word pairs (old, recombined, and new) through stippled paper (used to make reading more difficult).
Method
Amnesic patients. We tested 10 amnesic patients, all of whom have participated in several studies in our laboratory (see Tables 1 and 2) . Four of the patients had alcoholic Korsakoff's syndrome. They had participated in either a magnetic resonance (MR) imaging study (Squire, Amaral, & Press, 1990) or in a quantitative computed tomography (CT) study (Shimamura, Jernigan, & Squire, 1988) , which demonstrated marked reductions in the volume of the mammillary nuclei, reduced thalamic tissue density, and frontal lobe atrophy. Of the 6 other patients, 3 (LM, JL, and PH) have bilateral hippocampal pathology that was identified with MR imaging (for LM and JL, see  for PH, our unpublished observations). Patient LM became amnesic in 1984 following a respiratory arrest during an epileptic seizure. JL became amnesic gradually over a period of about 2 years (from early 1985 to early 1987); his memory impairment has remained stable since that time (Kritchevsky & Squire, in press) . Patient PH had a 6-year history of frequent 1-2 min "attacks" (of possible epileptic origin) in association with gastric symptoms and transient memory impairment. In July 1989, he suffered a series of attacks that resulted in marked and persisting memory impairment. MR imaging indicated reduced size of the hippocampal formation bilaterally. Two of the patients (NA and MG) have diencephalic lesions confirmed by MR imaging (for NA, see Squire, Amaral, Zola-Morgan, Kritchevsky, & Press, 1989;  for MG, our unpublished observations). Patient NA became amnesic, primarily for verbal material, following a stab wound to the left diencephalic region with a miniature fencing foil (Teuber, Milner, & Vaughan, 1968) . Patient MG became amnesic in 1986 following a bilateral thalamic infarction. Finally, patient LJ became amnesic gradually between September 1988 and February 1989, without any known precipitating event. Her memory impairment has remained stable since that time. The present study was concerned with the overall performance of amnesic patients, and the patients are therefore presented here as a single group.
The 10 amnesic patients averaged 60.9 years of age (range 51-73) and 12.2 years of education (range 9-15). They had an average IQ of 107.6 on the Wechsler Adult Intelligence Scale-Revised (WAIS-R; Wechsler, 1981) . Individual IQ and scores on the Wechsler Memory Scale-Revised (WMS-R; Wechsler, 1987) appear in Table 1 . Immediate and delayed (12 min) recall of a short prose passage averaged 5.1 segments and 0 segments, respectively (21 segments total; Gilbert, Levee, & Catalano, 1968) . Scores on other memory tests appear in Table 2 . The scores on the word recall test in Table 2 are above zero because on this test of immediate recall several items can be retrieved from immediate memory, which is intact in amnesia. In addition, the mean score on the Dementia Rating Scale (Mattis, 1976) was 132.9 points (maximum = 144, range = 119-143), with most of the points lost on the memory subportion of the test (6.8 points). The average score on the Boston Naming Test was 55.1 (maximum = 60, range = 48-59). Scores for normal subjects on these same tests can be found elsewhere (Janowsky, Shimamura, Kritchevsky, & Squire, 1989; .
Healthy control subjects. Nine men and three women served as a control group for the amnesic patients. They were either employees or volunteers at the San Diego Veterans Affairs Medical Center or were retired employees from the University of California, San Diego. They averaged 61.8 years of age (range = 51-77) and 14.2 years of education (range 10-16) and obtained WAIS-R subtest scores of 22.4 for Information (compared with 20.5 for the amnesic patients) and 55.1 for Vocabulary (compared with 57.9 for the amnesic patients). Immediate and delayed recall of the short prose passage was 6.5 and 5.2 segments, respectively.
An additional 8 normal subjects participated in an identical study condition but received a recognition test rather than a reading speed test. (These subjects are referred to as Note. WAIS-R = Wechsler Adult Intelligence Scale-Revised; WMS-R = Wechsler Memory Scale-Revised. The WAIS-R and each of the five indices of the WMS-R yield a mean score of 100 in the normal population, with a standard deviation of 15. The WMS-R does not provide numerical scores for subjects who score below 50. Therefore, the value below 50 was scored as 50 for computing means.
the recognition-only group.) They were either employees or volunteers at the San Diego Veterans Affairs Medical Center or were retired employees from the University of California, San Diego. They averaged. 61.8 years of age (range = 51-77) and 14.2 years of education (range = 10-16) and obtained WAIS-R subtest scores of 22.4 for Information and 55.1 for Vocabulary. Immediate and delayed recall of a short prose passage was 7.9 and 6.4 segments, respectively. Eight of the 10 amnesic patients also participated in this portion of the study, which occurred approximately 2 years after the reading speed portion. Patients DM and LM were unavailable for testing. The recognition test was intended to provide a comparison with the reading speed test so that both explicit and implicit memory for new associations could be tested in both amnesic patients and normal subjects.
Materials. One hundred and sixty-eight words, selected from Whitten, Suter, and Frank (1979) , were randomly paired with each other to construct 84 word pairs. The words chosen for one list averaged 64.0 occurrences per million (range 0-394) and 6.5 letters in length (range 3-10). The Note. The diagram recall score is based on delayed (12-min) reproduction of the Rey-Osterrieth figure (Osterrieth, 1944 ; maximum score = 36). The average score for copying the figure was 26.5, a normal score (Kritchevsky, Squire, & Zouzounis, 1988) . The paired associates score is the number of word pairs recalled on three successive trials (maximum score = 10/trial). The word recall score is the percentage of words recalled out of 15 across five successive study-test trials (Rey, 1964) . The word recognition score is the percentage of words identified correctly across five successive study-test trials (yes/no recognition of 15 new words and 15 old words). The score for words and faces is based on a 24-hr recognition test of 50 words or 50 faces (modified from Warrington, 1984 ; maximum score = 50, chance = 25). The mean scores for normal subjects shown for these tests are from Squire and Shimamura (1986) . Note that NA is not severely impaired on nonverbal memory tests because his brain injury is primarily left unilateral.
words chosen for the other list averaged 40.1 occurrences per million (range 0-472) and 6.4 letters in length (range 3-10). The word pairs were then assigned to two lists of 42 word pairs each. The two lists were then used to construct two sets of materials so that each subject could be tested twice. Each word pair was typed in lowercase letters in the center of a 3 in. X 5 in. index card. The letters were 3-mm high, and a space of 44 mm separated the beginning of the first word and the beginning of the second. Two of the word pairs were used as practice items. The remaining 40 word pairs in a set were used to construct four different study decks of 30 word pairs each. Each word pair appeared in three of the decks and was absent from one of the decks.
A test set of 30 word pairs was also prepared for each study deck. These word pairs were covered by a sheet of stippled paper to make reading the pairs more effortful. Each test set consisted of three different lists of 10 word pairs each. One list of 10 word pairs was designated old and consisted of 10 word pairs from the study deck. The second list of 10 word pairs was designated new and consisted of the 10 word pairs not present in the study deck. The third list of 10 word pairs was designated recombined. The recombined word list consisted of words from the study deck, arranged so that words that had originally appeared as the first words in a pair still appeared first and words that had originally appeared as the second words in a pair still appeared second. However, the words were recombined randomly to form new pairs.
In summary, 30 word pairs were presented for study on index cards, and after a 3-min delay, 30 word pairs were also presented for test in three lists of 10 pairs each. The 30 word pairs presented for test consisted of 10 word pairs from the study deck (old pairs), 10 word pairs that had not been studied (new pairs), and 10 word pairs from the study decks that were recombined to form different word pairs (recombined pairs). Ten word pairs from the study deck were not used in the test. Across the lists of test materials that were prepared from the four study decks, each word pair was used as equally often as possible as a new, old, or recombined item.
The recognition-only group studied the word lists exactly as in the reading-speed condition and also had a 3-min delay before test. For test, subjects were given a three-alternative, forced-choice recognition test consisting of 30 word pairs (chance = 33.3%). For each word pair, they were asked to circle "same" if they had seen the word pair before, "recombined" if they had seen both words before but not in this combination, and "new" if they had not seen either word before.
Procedure. Subjects were first given practice trials with two word pairs, with instructions to study each word pair and to try silently to form a link between the words. For example, for the words "adult candy," they were told that they might picture a person eating candy. After subjects understood the instructions, 30 word pairs printed individually on index cards were presented for 5 s each. Assignment of the four different study decks was distributed evenly across subjects.
Each word pair was presented once. The order of presentation of the 30 word pairs was random.
After the word pairs were presented, a 3-min delay intervened, during which subjects were given practice reading a sentence through the same kind of stippled paper that would be covering the test materials. After the 3-min delay, subjects were given three lists of 10 word pairs each, and they were asked to read each list from top to bottom as rapidly as possible without making mistakes. The delay between lists was just long enough for the experimenter to take the list from the subject and present the next list. The lists were presented on 4 in. X 5 in. sheets of paper covered by a sheet of stippled paper of the same size. The order in which the three test lists were given (old, new, and recombined word pairs) was counterbalanced across subjects. An average of 38 days after this experiment was completed (range = 7-69), all the subjects were tested again in an identical way with a second set of materials.
Subjects' reading of the pairs was recorded on a tape recorder, and later reading times were measured with MAC-RECORDER software in conjunction with a Macintosh computer. The MAC-RECORDER digitizes tape-recorded speech. A subject's digitized speech was first presented visually and aurally on the computer. The rater could identify the boundaries of spoken speech and then record reading times between boundaries of interest. Measurement began at the point at which the first utterance appeared and stopped at the point at which the final utterance was completed. The computer then generated a reading time for the list. The margin of error was approximately .05 s because the boundaries of digitized speech could not be discriminated within this interval. Speech was spliced out and not measured if the subject interrupted reading with questions or with extraneous noises (e.g., a cough, sneeze, or laugh). Such interruptions were infrequent across the two times that the experiment was carried out. If a subject stuttered, hesitated, or otherwise stumbled over a word, the time was retained as part of the natural reading process. These error types (questions, extraneous noises, stumbles, repeated words, and incorrect words) occurred in 7.0% of the words, averaged across the five tests in the three experiments reported here (i.e., during the reading of 4.2 words out of 60 test words). Finally, we evaluated three possible ways to obtain a reading time in those cases in which words were read incorrectly: (a) measuring the total time needed to read the list originally, including the time needed to read the words that were read incorrectly; (b) measuring the time needed to read the list originally and then splicing out word pairs that contained an error and adding in the time needed to reread those same word pair(s) at the end of the list; and (c) measuring the time needed to read the list originally, splicing out word pairs that contained an error, and then calculating the reading time for the whole list by extrapolating from the reading time obtained for the correct word pairs. All three procedures led to the same pattern of results. Accordingly, it seemed most straightforward to measure the subject's reading time on the first pass through a list. Thus, when a reading error was made in a word list, the reading time for that list was the total time needed to read the list, including the time needed to read the word pair that contained the error. Figure 1 shows for amnesic patients and control subjects the time required to read lists of 10 word pairs. We first performed a two-way analysis of variance (ANOVA), which revealed no difference between groups (F < 1.5), a significant difference in reading times across the old, recombined, and new lists, F(2, 40) = 18.6, p < .001, M5 e = 2.5, and no interaction. There was an effect of test session. However, separate results from each test session showed the same pattern of findings as when the results from the two sessions were combined. The main interest was in the separate comparisons for each pair of conditions within each subject group (old vs. new; old vs. recombined; recombined vs. new). Both groups read the recombined list more quickly than the new list (ts > 2.3, ps < .05). The amnesic patients also read the old list faster than the new list, ?(9) = 3.4, p < .01, indicating priming of the previously presented items. The control subjects did not show this difference, f(ll) = 1.7, p = .12.
Results
Neither group exhibited a difference in reading times between old and recombined lists (ts < .75).
Separate / tests were also carried out for each pair of conditions, combining the data for amnesic patients and control subjects (old vs. new; old vs. recombined; and recombined vs. new). These comparisons revealed a difference between the new list and each of the other two lists (ts > 3.0, ps < .005). The difference in reading times between old and recombined lists did not approach significance, f(21) = .79.
To investigate whether amnesic patients may have been relying on residual declarative memory to perform the reading task, we calculated the correlation between the amount of associative priming for each patient (recombined -old reading times) and their score on the General Memory Index of the WMS-R. No correlation was found between these two variables (r = .10, p > .10).
The control subjects performed significantly better than the amnesic patients on the recognition memory test (77.9% vs. 45.8%; p < .001). The separate scores for old, recombined, and new items were 82.5%, 67.5%, and 83.3% correct, respectively, for the control subjects and 51.2%, 41.2%, and 45.0% correct, respectively, for the amnesic patients. All the scores for both subject groups were significantly above chance. , through a sheet of stippled paper, after one study trial in which subjects attempted to form a link between the words in each pair.
(CON = control subjects; AMN = amnesic patients. Brackets show standard error of the mean.)
Discussion
The results provide no evidence that new associations were acquired implicitly. Accordingly, our results are not in agreement with those reported by Moscovitch et al. (1986) . In our study, the critical comparison between old and recombined lists did not approach significance. In their study, the difference between old and recombined lists was significant when the data were collapsed across a group of 36 subjects (young control subjects, elderly control subjects, and elderly memory-impaired subjects). Separate analyses were not reported for each group, so one cannot be sure that either the memory-impaired group or the elderly control group, considered separately, exhibited any evidence for the learning of new associations.
Nevertheless, the pattern of results in Figure 1 do resemble the pattern of results reported by Moscovitch et al. (1986; see their Figure 6) . In both studies, the recombined list was read numerically more slowly than the old list. In our study, the difference in reading times between the recombined and old lists was 22.8% of the difference in reading times between the new list and the old list. Thus, the reading time for the recom-bined list was between the times required for the old list and the new list, but it was closer to the time required for the old list. In Moscovitch et al.'s study, estimating from their Figure 6 , the reading time required for recombined items was also closer to the time required for old items than for new items.
It is not entirely clear why these two studies yielded different results. Several possibilities exist: First, the stippled paper in our study had a denser grid than in Moscovitch et al.'s (1986) study (M. Moscovitch, personal communication, January 30, 1991) , which could explain the longer reading times in that study and might have permitted a greater reliance on explicit memory (i.e., explicit recollection of recently studied word pairs). Another possibility is that the way in which reading times were measured was important. We used a recording device that measured responses with millisecond accuracy, and Moscovitch et al. used a stopwatch. In addition, when subjects were slow to produce a word, Moscovitch et al. recorded the time as 3 s, whereas we recorded the actual time. Also, the subject pool was different in the two studies. We tested well-characterized amnesic patients, whereas Moscovitch et al. (1986) tested a mixed, memory-impaired population. Finally, we did not include a young control group in our study. Moscovitch et al. averaged the findings from a young control group together with the findings from two elderly subject groups.
In contrast to the findings for the reading speed test, the recognition test did provide evidence for the learning of new associations. Both normal subjects and amnesic patients acquired some information about the word pairings, as indicated by the fact that the two groups recognized each kind of item (old, new, and recombined) at above-chance levels. In addition, the normal subjects performed much better than the amnesic patients.
Experiment 2a
In Experiment 1, no evidence was found in either normal subjects or amnesic patients for rapid acquisition of new associations as measured by reading speed. We reasoned that a better test of this possibility could be achieved if the similarity between the study and test conditions were increased. It has often been proposed (Graf & Ryan, 1990; Roediger, 1990; Roediger & Blaxton, 1987a , 1987b Weldon & Roediger, 1987; Weldon, Roediger, & Challis, 1989 ) that performance on tests of implicit memory is significantly determined by the extent to which one engages precisely the same operations during study that will be required during a subsequent test trial. To increase the similarity between study and test conditions, we first showed subjects in Experiment 2A the word pairs in three separate lists of 10 word pairs each (instead of on separate index cards), exactly as they would see them at test. Furthermore, the subjects were instructed to read the lists aloud as quickly as possible (instead of to form links deliberately for each pair), just as they would be asked to do at test. Finally, stippled paper was not used to overlay the test lists so that precisely the same skills engaged during the reading of the study lists could be used again for the reading of the test lists.
It is also possible that new associations are acquired more quickly and strongly if the two stimuli to be associated can more readily be perceived as a single unit. To encourage the perception of stimuli as single units, we presented subjects with "compound nonwords." Single-syllable English words were randomly paired to form two-syllable nonwords (e.g., gum + park = gumpark; jam + dirt = jamdirt). Because no space separated the two single-syllable words, subjects could perceive the items as single units of information. In addition, syllables were selected so that all the compound nonwords were pronounceable as spondees, that is, as nonwords with an accent on each component syllable. In this way, the two syllables had equal status and were amenable to recombination.
If presentation of compound nonwords does encourage the formation of new associations between the component words (e.g., between gum and park), a recombined list of nonwords (such a&jampark and gumdirt) ought to be read more slowly than old compound nonwords. Subjects read 30 compound nonwords on three separate lists of 10 compound nonwords each, such that each study and test list was presented as a separate study-test set. The same procedure was also repeated with three new lists of 30 compound nonwords. To begin, subjects read one study list of 10 compound nonwords as quickly as possible and then, after a 3-min delay, read a test list. This procedure was followed for all three lists. One test consisted of 10 old compound nonwords, one test consisted of 10 recombined compound nonwords in which the individual words in the compound nonwords were recombined, and one list consisted of 10 new compound nonwords.
Method
Amnesic patients. We tested the same amnesic patients as in Experiment 1, except Patients DM and LM, who were unavailable for testing. Experiment 2a was carried out approximately 16 months after Experiment 1.
Healthy control subjects. Three men and nine women served as control subjects. None of these subjects had participated in Experiment 1. They were either employees or volunteers at the San Diego Veterans Affairs Medical Center or were retired employees from the University of California, San Diego. They averaged 63.0 years of age (range 52-72), 13.2 years of education (range = 10-16), and obtained WAIS-R subtest scores of 21.6 for Information (compared with 20.5 for the amnesic patients) and 57.9 for Vocabulary (compared with 57.9 for amnesic patients). Immediate and delayed recall of a prose passage was 8.2 and 6.6 segments, respectively.
Materials. Eighty-four monosyllabic concrete nouns were selected from Ku?era and Francis (1967). The words averaged 87.4 occurrences per million (range 0-1207), and 4.0 letters in length (range 3-6). Each word was randomly combined with another word from the same set and printed as a single item to form 40 compound nonwords (e.g., gum and park = gumpark;jam and dirt = jamdirt). An additional two compound nonwords were constructed to use as practice items, and the other 40 nonwords were used to construct four study sets. Each study set consisted of three lists of 10 compound nonwords, each printed one item to a line on 4 in. X 5 in. sheets of paper. Each item was present in three study sets and absent from one study set. The test lists consisted either of 10 identical compound nonwords (old list), 10 recombined items (e.g., gumpark and jamdirt became gumdirt undjampark), or 10 entirely new compound nonwords (new list).
Procedure. Subjects were presented with three study lists and three test lists, consisting of 10 items each, which they were instructed to read aloud as quickly as possible without making mistakes. After subjects read the first list of 10 items, there was a 3-min delay filled with conversation. Then, subjects read the corresponding test list. Immediately thereafter, the next study list was presented for study, and then after another 3-min delay, subjects read the corresponding test list for the second list of items. Finally, the third study list was presented, followed by a 3-min delay and the corresponding test list. Reading times were scored as described previously. On the same day, all the subjects were tested a second time in an identical way, using a second set of materials consisting of 40 different compound nonwords selected in the same way. These words averaged 75.3 occurrences per million (range = 1-371), and 4.0 letters in length (range 3-6). test sessions. When the two test sessions were analyzed separately, the results were the same, and there was no effect of test session. A two-way ANOVA (collapsing over test sessions) revealed no difference between groups (F < 1); a significant effect of old, recombined, and new items, F(2, 34) = 5.21, p < .01; and no interaction (F < 1). Separate comparisons within each subject group revealed that both groups of subjects read the old list significantly more quickly than the new list (rs > 2.7, ps < .05). However, the difference between the recombined and new lists did not reach significance: for control subjects, f(ll) = 1.9,p < .08; for amnesic patients, f(7) = 0.66, p = .53. There was no difference in reading times for old and recombined lists for either subject group (ts < 0.69, ps > .30). Separate t tests were also carried out for each pair of conditions, combining the data for amnesic patients and control subjects. According to this analysis, the old list was read faster than the new list, f(19) = 4.5, p < .01. No other differences were significant (ts<l.9, ps > .09). There was no correlation between each patient's score on the General Memory Index of the WMS-R and their amount of associative priming (r = .\3,p > .10).
Results
No evidence was found for the learning of new associations between the elements of compound nonwords. To increase further the possibility of finding evidence for the rapid learning of new associations, we also repeated this same study with one modification: The test items appeared as a continuous list on the same sheet of paper as the study items so that no delay intervened between study and test. Thus, the first 10 compound nonwords on the list were followed immediately by either the same items (old list), recombined syllables (recombined list), or entirely new compound nonwords (new list). In this experiment, there was also no evidence for associative learning, but there was also no effect of old versus new lists: Amnesic subjects took 9.75 s to read the old list, 10.4 s to read the recombined list, and 9.78 s to read the new list; healthy control subjects took 9.65 s to read the old list, 10.3 s to read the recombined list, and 10.1 s to read the new list.
We next asked whether new associations between the components of the nonwords could be acquired across multiple repetitions. It seemed possible that presenting the stimuli to be associated as single units might facilitate the acquisition of new associations. If so, multiple repetitions of compound nonwords might be more effective for forming associations than multiple repetitions of word pairs.
Experiment 2b
This experiment was identical to the one just described (which was carried out in conjunction with Experiment 2a), except that compound nonwords were presented a total of 10 times instead of just once. Thus, we again attempted to increase the similarity between study and test conditions by eliminating any distinction between study and test. To accomplish this, subjects read study and test items on three separate sheets of paper, such that the study and test stimuli appeared as a continuous list of items. The first 100 items on each list consisted of 10 repetitions of the same compound nonwords, each time in a different random order. The final 10 items on each list were either the same 10 items repeated one additional time (old), 10 different items (new), or the same 10 items recombined to form 10 new nonwords (e.g., gumpark and jamdirt became gumdirt and jampark). Thus, subjects simply read three lists as quickly as possible, and no distinction was made between the study and test phases of the experiment.
Method
Amnesic patients. The same amnesic patients were tested as in Experiment 1 except for Patient DM, who was unavailable for testing.
Healthy control subjects. Seven men and five women served as a control group for the amnesic patients. None of these subjects participated in Experiments 1 or 2a. They were all employees or volunteers at the San Diego Veterans Affairs Medical Center or were retired employees from the University of California, San Diego. They averaged 62.8 years of age (range = 48-75) and 13.8 years of education (range = 10-16) and obtained WAIS-R subtest scores of 21.2 for Information (compared with 20.1 for the amnesic patients) and 56.9 for Vocabulary (compared with 55.9 for amnesic patients). Immediate and delayed recall of a prose passage was 7.4 and 6.3 segments, respectively.
Materials. The set of materials from Experiment 2a was used. This experiment was carried out approximately 4 months prior to Experiment 2a. In each of the three lists, 10 compound nonwords were repeated 10 times each. The final 10 compound nonwords were either the same, recombined, or new. Each list consisted of 110 items, printed one item per line on sheets of paper measuring 4 in. X 29 in. The order of presentation of the three lists was counterbalanced across subjects.
Procedure. Subjects read each list aloud from top to bottom as quickly as possible.
Results and Discussion
Figure 2 (Panel B) shows the time required to read the final 10 compound nonwords in each of the three lists. A two-way ANOVA revealed no difference between groups (F < 1); a significant difference in reading times for old, recombined, and new lists, F(2, 38) = 61.5, p < .0001, AfS e = 2.2; and no interaction (F < 1.5). Separate comparisons within each subject group indicated that all pairwise comparisons were significant (for control subjects, ts > 2.5, ps < .05; for amnesic patients, ts > 3.1, ps < .01). Thus, in Experiment 2b, we found strong evidence in both subject groups for the learning of new associations. The idea that this learning was implicit is supported by the absence of a correlation (r = .37, /?>.!) between the scores for the amnesic patients on the General Memory Index of the WMS-R and their associative priming scores (recombined -old reading times).
Experiment 3
In Experiment 3, we adopted a perceptual identification paradigm because of its frequent use in priming studies. Because in this paradigm measurements are made individually for each item rather than across a block of trials, it seemed possible that the method would be more sensitive to detecting the acquisition of new associations after a single trial. In this experiment, subjects were tested on two occasions separated by at least one week: once with word pairs consisting of two one-syllable words and once with compound nonwords. In this way, it was possible to measure directly the effect of unitization on implicit memory for new associations. In each case, 30 items (either word pairs or compound nonwords) were presented once each for study. Subsequently, perceptual identification was tested for 10 old items, 10 new items, and 10 recombined items. This experiment was carried out approximately 8 months after Experiment 2b.
Method
Amnesic patients. The same amnesic patients were tested as in Experiment 2a.
Healthy control subjects. Twenty-four healthy control subjects (13 women and 11 men), who were matched to the amnesic patients with respect to age and education, were tested. Three of these 24 subjects had participated in one of the previous experiments reported here but always with different sets of words. All subjects were either employees or volunteers at the San Diego Veterans Affairs Medical Center or were retired employees from the University of California, San Diego. They averaged 61.8 years of age (range = 48-75) and 14.9 years of education (range 12-18.5) and obtained WAIS-R subtest scores of 23.7 for Information (compared with 21.0 for the amnesic patients) and 57.6 for Vocabulary (compared with 55.5 for the amnesic patients). Immediate and delayed recall of a short prose passage was 8.0 and 6.5 segments, respectively.
Materials.
One hundred sixty-eight monosyllabic concrete nouns were selected from Ku?era and Francis (1967) . The 168 words were divided into two lists of 84 words each. The first set of words averaged 48.3 occurrences per million (range 0-1772) and 4.1 letters in length (range = 3-5), and the second set of words averaged 22.8 occurrences per million (range 0-897) and 4.1 letters in length (range = 3-5). Within each set of 84 words, each word was randomly paired with another word to construct 42 word pairs and also combined with the same word to form 42 compound nonwords. From each set, two word pairs or two compound nonwords were used as practice items. The remaining 40 word pairs and 40 compound nonwords were used to construct four different study lists of 30 word pairs or compound nonwords each. Each word pair or compound nonword appeared in three of the lists and was absent from one of the lists. Individual subjects studied 30 word pairs or 30 compound nonwords and then were tested with 30 items: 10 items that were the same as at study, 10 recombined items, and 10 new items. In this way, each subject saw all 40 word pairs (or compound nonwords).
Design and procedure. The experiment consisted of three phases: determination of the duration of stimulus presentation, a study phase, and a perceptual identification test. All stimuli were presented on a Macintosh Plus computer using Mac Lab Version 1.9R. The words were presented in the center of the screen in 72-point (approximately 1.8-cm high) uppercase block letters, subtending approximately 13.7° of horizontal and 2.1° of vertical visual angle. The examiner was seated next to the subject and recorded all responses verbatim. Response times were recorded with a voice-activated switch connected to the computer. Order of stimulus condition (compound nonword or word pair) and the assignment of word set to each stimulus condition were counterbalanced across subjects. In addition, to control whether the word pairs that were selected were inherently more difficult than recombinations of the same words, an additional factor was counterbalanced. Half the subjects received as new items the items that served as recombined items for other subjects. In this way, any effect that was observed could not be attributed to particular pairings of items.
Determination of stimulus duration. Each subject was first tested to determine the presentation time that would permit briefly presented word pairs and compound nonwords to be identified with approximately 50% accuracy. Presentation times for word pairs and compound nonwords were determined at the beginning of the same session that word pairs and compound nonwords were studied and tested. Subjects were first instructed that items would be flashed very briefly and that each item (word pair or compound nonword) should be pronounced aloud. For each trial, a blank screen was in view for 2 s and was followed by an orientation signal (cross) in the center of the screen for 1 s prior to stimulus presentation. The orientation signal was then replaced by a word, which was presented initially for 133 ms (for the compound nonword condition) or 167 ms (for the word pair condition). A mask consisting of a series of ampersands, which encompassed the area of the screen occupied by the item, immediately replaced the item. The mask remained on the screen until the subject responded, at which time the next trial was automatically initiated. A total of four blocks of six trials each were presented in this way. Thus, each block consisted of either six compound nonwords or six word pairs presented one at a time followed by a mask of ampersands. The stimulus duration for each successive set of items was decreased by 17 ms if subjects identified more than three items in a six-trial block, and it was increased by 17 ms if subjects identified fewer than three items. The administration of the four six-word blocks resulted in two candidate exposure durations. After these were compared in two additional eightword blocks, one of these two exposure durations was selected for the perceptual identification test. After all 40 items had been presented (four six-word blocks and two eight-word blocks), a stimulus duration was selected that resulted as nearly as possible in 50% correct identification.
The stimulus duration was determined in the same way for both word pairs and compound nonwords except that compound nonwords were first presented for 133 ms and word pairs for 167 ms. The average stimulus duration selected for compound nonwords was 164.0 ms for control subjects and 233.4 ms for amnesic patients. The average stimulus duration selected for word pairs was 184.1 ms for control subjects and 216.7 ms for amnesic patients.
Study phase and perceptual identification test. Thirty items were presented at both study and test. At test, 10 items were repeated from study, 10 were recombined as in the previous experiments, and 10 were entirely new. Old, recombined, and new items were randomly mixed at test with the constraint that no more than three of the same category followed consecutively. As in the previous experiments, each item served equally often as a new, recombined, and old item.
For the study phase, 30 word pairs or compound nonwords were presented one at a time on the computer screen. Subjects were asked to rate how well they liked the item (for compound nonwords) or how well they liked the words together (for word pairs) on a scale from 1 to 5. Items remained on the screen until the subject responded by typing a number (1 to 5). A rating of 1 corresponded to dislike very much, and a rating of 5 corresponded to a rating of like very much. An index card with the rating scale printed on it remained in view during the presentation of all 30 items.
After a delay of approximately 2 min, subjects were instructed that they would be shown word pairs or compound nonwords very briefly and that they should try to read aloud each item as quickly and accurately as possible. Each trial began with a blank screen for 2 s, followed by an orientation signal (cross) in the center of the screen for 1 s. The orientation signal was then replaced by a word pair or a compound nonword presented at the duration determined for that subject. A mask immediately replaced the stimulus. The next trial began automatically, immediately after the subject's response. All 30 items were presented in an uninterrupted sequence.
In summary, subjects studied 30 items and were then given a perceptual identification test involving 10 old items, 10 recombined items, and 10 new items. An average of 24.9 days (range 7-47 days) for control subjects and an average of 7.9 days (range 2-21 days) for amnesic patients intervened between the session in which word pairs were presented and the session in which compound nonwords were presented.
Results
Perceptual identification. Figure 3 shows for amnesic patients and normal control subjects the number of correctly identified word pairs (left panel) and compound nonwords (right panel). First, we performed a three-way ANOVA (Stimulus Type X Group X Type of Item: old, recombined, or new), which revealed no difference between groups (F < 1); a significant difference in the number of correctly identified old, recombined, or new items, F(2, 60) = 43.5, p < .001, M5 e = 198.1; and a significant effect of stimulus type (word pairs were identified with greater accuracy than compound nonwords), F(l, 30) = 4.7, p < .05, MS e = 170.7. There were no interactions (F < 1). We next analyzed separately the data for word pairs and compound nonwords.
Word pairs. A two-way ANOVA revealed no difference between groups (F < 1); a significant difference in the number of correctly identified old, recombined, and new items, F(2,60) = 25.8, p < .0001; and no interaction. We then separately compared each pair of conditions within each subject group. Both groups identified fewer new items than old items (rs > 3.2, ps < .01). The control group also identified more recombined word pairs than new word pairs, ?(23) = 4.4, p < .001, but the amnesic patients did not show this difference t(l) = 1.2, p = .25. Finally, neither group showed clear evidence of acquiring new associations, although there was a trend for recombined pairs to be identified more poorly than old pairs: for amnesic patients, f(7) = 2.1, p = .07; for control subjects, f(23) = 1.7, p = .10. Separate t tests were also carried out for each pair of conditions, combining the data for amnesic patients and control subjects. All pairwise comparisons reached significance (ps < .05). Thus, combining the data for the two groups did indicate an advantage of old items over recombined items, F(l, 30) = 5.8, p < .05, MS C = 2.4.
Compound nonwords. A two-way ANOVA revealed no differences between groups (F < 1); a sig- nificant difference in the number of items correctly identified across old, recombined, and new items, F(2, 60) = 19.1, M5 e = 3.7; and no interaction. We then separately compared each pair of conditions within each subject group. Both groups identified fewer new items than old items (ts < 2.3, ps < .06). None of the other differences reached significance. Separate t tests were also carried out for each pair of conditions, combining the data for amnesic patients and normal control subjects. The important comparison between the old and recombined conditions was not significant (p -.12). The other pairwise comparisons were significant (ps < .05). Naming times. For the word pair test, separate pairwise t tests computed for each subject group revealed that normal control subjects named the old and the recombined items more quickly than the new items (ps < .05), but no other differences reached significance. Control subjects took 543.6 ms to name the old items, 557.9 ms to name the recombined items, and 626.9 ms to name the new items; amnesic patients took 579.3 ms, 594.3 ms, and 619.8 ms, respectively. There was no significant correlation between each patient's score on the General Memory Index of the WMS-R and the amount of associative learning (r = -.52, p > .10).
For the compound nonword test, separate pairwise t tests computed for each group revealed that the normal control subjects named the old items more quickly than the recombined items and read the recombined items more quickly than the new items. No other differences reached significance. Again, there was no correlation between each patient's score on the General Memory Index of the WMS-R and their amount of associative priming (r = -.61, p > .10).
Threshold. The threshold at which subjects produced 50% correct responses during the threshold determination portion of the experiment did not differ significantly between groups for either word pairs or compound nonwords.
Summary. One-trial learning was not detected within any subject group for either compound nonwords or word pairs. However, some evidence for acquisition of new associations (in the case of word pairs but not in the case of compound nonwords) was detected when the data were collapsed across both subject groups. The findings also suggest that increasing the unitization of items at input (by presenting items as compound nonwords) had no advantage for the rapid learning of new associations. It is possible that using syllables for compound nonwords that were themselves English words overrode the benefit of unitization. That is, subjects might have tended to separate the component words and process them individually.
General Discussion
In a series of three experiments, we found only weak evidence that new associations can be acquired implicitly after a single study trial. In Experiment 1, new associations were not acquired after a single study trial. In Experiment 2a, acquisition of new associations was again not detectable after a single-study trial, even when the stimuli to be associated were presented as single units (i.e., as compound nonwords). However, learning of new associations was apparent after 10 learning trials for both normal subjects and amnesic patients (Experiment 2b). In Experiment 3, we used a perceptual identification paradigm in tests involving both word pairs and compound nonwords and again found no evidence for the learning of new associations after a single trial. However, for word pairs, but not for compound nonwords, learning of new associations could be detected when the data were combined across both normal and amnesic subject groups.
We considered the possibility that it was difficult to observe associative priming effects after a single trial because the measures we used were insensitive. One way to explore this possibility is to ask how readily we found ordinary (nonassociative) priming with these measures. We therefore examined how readily nonassociative priming (old vs. new) occurred for both amnesic patients and control subjects in the four studies that tested single-trial learning (Experiments 1,2a, and for both word pairs and compound nonwords, Experiment 3). Nonassociative priming was obtained 6 out of 8 times (i.e., out of four studies involving amnesic patients and control subjects). In one of the two remaining cases, the difference between old and new items was marginally significant (Experiment 2a, amnesic patients, p = .08). The other case involved control subjects in Experiment 1 (p = . 12). In contrast, we never obtained associative priming (0 out of 8 cases). Thus, because nonassociative priming readily occurred in the absence of associative priming, it seems unlikely that the measures we used were insensitive.
One of the tasks previously used to assess the development of new associations in implicit memory may have depended on declarative memory at the time of initial learning (Graf & Schacter, 1985; . Another task involved presenting novel word pairs for study and then testing implicit memory by lexical decision (Carroll & Kirsner, 1982; Smith, Macleod, Bain, & Hoppe, 1989) . At test, the first word of a pair (the prime) was presented for 250 ms. Immediately thereafter, the second word of the pair (the target item) appeared, and the subjects made a word/nonword decision for this item. Reaction times for items that were preceded by a studied item were faster than reaction times for items preceded by a new item, regardless of whether the prime and the target had been presented together at study (Carroll & Kirsner, 1982; Smith, Macleod, Bain, & Hoppe, 1989 ; but see Durgunoglu & Neely, 1987 for an exception). Thus, the lexical decision measure may sometimes be sensitive to the learning of new associations, but it is not consistently so.
To our knowledge, only one study has reported single-trial acquisition of new associations in memoryimpaired patients (Moscovitch et al., 1986) . As discussed previously, three different groups of subjects, including young normal subjects, were treated as a single group in the critical analysis that compared the reading speed of old and recombined lists of word pairs. We did not successfully replicate the findings of this earlier study. Neither normal subjects nor amnesic patients exhibited implicit learning of new associations after a single-study trial.
We propose that nondeclarative (implicit) memory is not well adapted for single-trial associative learning. Sherry and Schacter (1987) proposed that implicit memory is adapted to acquire information gradually by extracting invariances across episodes (also see Squire, 1987 Squire, , 1992 . Thus, implicit memory may acquire information about the constant properties of stimuli across multiple presentations. In agreement with this view, we did observe the acquisition of new associations when multiple learning trials were presented. Furthermore, across multiple trials, amnesic patients tended to exhibit as much learning of new associations as control subjects. It is thus possible that a small amount of learning did occur even after a single presentation but that this amount tended not to be detectable with the measures we used. Notably, we did detect evidence for one-trial learning of new associations in implicit memory in Experiment 3 (using a perceptual identification paradigm and combining the data for word pairs across subject groups).
We also included a test of recognition memory (Experiment 1) to assess explicit memory for new associations. In this way, we attempted to compare directly the extent to which explicit and implicit memory can support the learning of new associations in a single trial. In all three experiments, the two subject groups performed similarly on the implicit memory tests. In contrast, in Experiment 1 the control subjects performed better than the amnesic patients on the declarative (explicit) memory test of recognition and also showed clear evidence of acquiring associative information. This finding is consistent with the idea that the rapid acquisition of new associations can be readily supported by declarative (explicit) memory but that implicit learning of new associations is not as easily detected after a single trial.
From these findings, we propose that implicit memory for new associations best occurs incrementally, as occurs during the acquisition of skills and habits. We emphasize that we do not suggest that one-trial implicit learning of new associations cannot occur. Moreover, it is difficult to compare the sensitivity with which two different methods (e.g., reading speed and recognition) can detect associative learning. Nevertheless, we had difficulty obtaining associative effects within implicit memory after one trial, using two different methods, whereas explicit memory for new associations was easily demonstrated after a single trial using exactly the same study conditions. Declarative (explicit) memory is most likely specialized for one-trial, rapid learning of associations. For example, when normal subjects encounter a novel word pair, such as army-table, they can readily produce the target word table in response to the cue word army after a single-study trial. In Experiment 1, control subjects outperformed the amnesic patients by a wide margin on recognition tests of the study words that were intended to assess the extent to which new associations were acquired explicitly. In contrast, the two subject groups did not differ from each other on measures of implicit memory. Thus, both explicit and implicit memory improved with additional study trials, but singletrial learning was best detected with a test of declarative (explicit) memory.
This distinction between the rapid formation of new associations explicitly and the gradual implicit learning of new associations has important parallels with findings from experimental animals. Just as amnesic patients with hippocampal formation damage can perform normally on many tasks that assess nondeclarative (implicit) memory, animals with damage to the hippocampal system can also perform normally on certain memory tasks despite being impaired on tasks that assess memory for specific events (for review, see Squire, 1992) . For example, monkeys with medial temporal lobe lesions successfully acquired a 24-hr concurrent discrimination task (Malamut, Saunders, & Mishkin, 1984) . In this task, the same 20 object pairs are presented once each day. One object in each pair is always associated with a reward. After several days, monkeys learn to choose the correct object in each pair. Furthermore, simple classical conditioning, in which associations develop across multiple trials, occurs normally in rats and rabbits with hippocampal system lesions (Le Doux, 1987; Powell & Buchanan, 1980; Rickert, Bennett, Lane, & French, 1978; Solomon & Moore, 1975) . Finally, a simple win-stay task was acquired at a normal rate by rats with hippocampal lesions (Packard, Hirsh, & White, 1989) . Thus, in habit learning and conditioning, the acquisition of new associations can occur independently of the hippocampus and related structures when learning occurs gradually over many learning trials. Because the weight of evidence to date suggests that amnesic patients with diencephalic and hippocampal formation damage perform similarly on memory tasks (see , the findings from experimental animals with hippocampal system damage very likely apply to diencephalic amnesic patients as well as to amnesic patients with damage to the hippocampal formation.
In summary, we propose that implicit memory can support the gradual learning of new associations. Implicit memory can also support the acquisition of novel information in a single trial when the information to be acquired is perceived as a single unit. Thus, amnesic patients performed as well as normal subjects in tasks involving implicit memory for nonwords, novel objects, or line patterns (Gabrieli et al., 1990; Haist et al., 1991; Musen & Squire, 1992; Schacter et al., 1991) . However, when the stimuli to be learned consist of pairs of items, that is, when they are perceived as separate objects or words, then implicit memory appears not to be well adapted to one-trial learning. Graf and Schacter (1985) reported implicit memory for new associations in a word-stem completion paradigm. However, as discussed earlier, it is questionable whether this task is a pure measure of implicit memory because amnesic patients do not show the effect. Moscovitch et al. (1986) reported significant implicit learning of new associations in a single trial, as did we (Experiment 3) when the data were combined across subject groups. We therefore propose that one-trial implicit learning of new associations is not a robust phenomenon and is detectable only in ideal learning situations and when the sample size is large.
